Introduction
Hereditary neuropathy with liability to pressure palsy (HNPP) is an autosomal dominant disorder affecting peripheral nerves [5, 9, 10] . Definitive diagnosis is made via genetic testing. Typical symptoms include recurrent sensory loss and/or focal weakness related to the affected peripheral nerve, manifesting clinically with muscle atrophy, decreased tendon reflexes, and in some cases secondary orthopaedic deformities (such as pes cavus) [1, 5, 9, 10] . Polyneuropathy presentations are thought to be less common [13] . Symptoms are described as transient, usually lasting several hours to months, though incomplete recovery is reasonably common [1] . It has been suggested the overall impact of the disorder on quality of life is low [21] .
Hereditary neuropathy with liability to pressure palsy is generally considered a pain-free disorder [1, 4, 10, 18] . However, a few studies have suggested pain may be an issue for people with HNPP. Case study evaluations of the onset of HNPP describe pain as a potential primary symptom at initial presentation [6, 26, 31] . In a more detailed retrospective review of medical records in 39 people with genetic confirmation of HNPP, six (15%) reported that pain was their primary initial complaint, with three others reporting pain at a later time [9] . The pain in these nine individuals was deemed neuropathic, seemingly based on clinical presentation. Another retrospective review of 32 people with genetic confirmation of HNPP provided a more detailed characterisation of pain [30] . Twenty-four (75%) people reported pain. Based on pain descriptors, nine (28%) presented with musculoskeletal pain only, ten (31%) with neuropathic pain only, and five (16%) with both musculoskeletal and neuropathic pain [30] . Further, nine people (28%) met the 1990 American College of Rheumatology criteria for fibromyalgia syndrome.
As pain may be a significant symptom for some people with HNPP, mechanistic links between HNPP and pain might be important. There appear to be four potential reasons for pain in HNPP. First, given HNPP is by definition a neuropathy, it is plausible that neuropathic pain mechanisms could underpin any potential relationship between HNPP and pain [9, 30] . Alternately or concurrently, altered central processing (central sensitisation) could potentially be related to underlying neuropathic process in HNPP, contributing to pain in HNPP [30] . Third, local tissue stress caused by prolonged weakness or secondary joint deformity might facilitate peripheral nociception consistent with musculoskeletal pain [30] . Last, comorbidity of HNPP and pain could be co-incidental, without any shared mechanistic links.
The primary purpose of this study was to provide a more detailed characterisation of pain in people with HNPP to compliment emerging literature in this area. Specific aims were (1) to determine the prevalence of participants with HNPP who experience persistent pain and pain in the last week, (2) characterise pain in these participants with persistent pain and pain in the last week, in relationship to potential pain mechanisms, and (3) assess for any correlation between the levels of neurological and pain interference in these same participants. Improved understanding of pain in HNPP would be beneficial to healthcare practitioners and people with HNPP alike.
Methods

Study design and participants
For this cross-sectional study, participants were recruited through convenience sampling, using closed social media groups on Facebook (HNPP Help; HNPP Australia). Individuals were included if they reported a diagnosis of HNPP confirmed via genetic testing, were 18 years and older, and were able to read and write English. Individuals were excluded if they had other causes of neuropathy (for example, alcoholism, malnutrition, Vitamin B12 deficiency, and systematic diseases such as diabetes and other endocrinopathies), or other neurological diseases (for example, Charcot-Marie-Tooth Type 1A).
Participants were recruited via an invitation posted to the closed Facebook groups. The premise of the study was to characterise symptoms associated with HNPP without any specific emphasis on pain, to avoid preferential engagement of people with HNPP who do experience pain. Potential participants were directed to an online questionnaire hosted on Qualtrics software. Data collection occurred between 18th July 2016 and 1st August 2016.
Variables
Participant characteristic data included age; sex; time since diagnosis; employment status; and if the person was not working, whether HNPP was the reason for not working. Additionally, the types of neurological symptoms experienced (tingling, pins and needles, numbness, twitching, weakness) and self-reported health practitioner-diagnosed comorbidities were recorded.
Pain
Participants were asked if they had ever experienced bodily pain. Only those participants who reported experiencing pain were then asked further questions relating to the characterisation of pain. Information sought included identification of the areas of the body affected by pain from a list. To determine the presence of persistent pain [24] , participants were asked the following: (1) "Have you ever experienced persistent pain? (Persistent pain is defined as experiencing pain on most days in the last three months)" and (2) "Have you experienced pain in the last week". Participants had to answer affirmatively to both of these questions to be considered as having persistent pain and pain in the last week. This definition was used to include participants with greater likelihood of ongoing difficulties related to pain, and exclude those with more trivial or transient painful episodes [24] .
The Brief Pain Inventory Pain (BPI) [8, 28] is widely used to assess pain and is not condition specific. The BPIPain Severity Scale (BPI-PSS) comprises four questions, asking about worst pain, last pain, least pain, and current pain. Each construct is scored from 1 to 10 (from 'no pain' to 'worst possible pain'). The BPI-Pain Interference Scale (BPI-PIS) was used to assess the effect of pain on function. The BPI-PIS comprises seven questions, each scored from 1 to 10 (from 'does not interfere' to 'strongly interferes'). Dimensions include interference with general activity, mood, walking ability, normal work, relations with other people, sleep, and enjoyment of life. The BPI-PSS and BPI-PIS were reported as the average of the four and seven questions, respectively [8] . The BPI has established validity and reliability [8, 28] .
The painDETECT questionnaire (PD-Q) was used to determine the potential presence of neuropathic pain [11] . The PD-Q consists of nine questions with an overall score ranging from 0 to 38. A score of 0-12 suggests a neuropathic component to the presentation is unlikely (< 15% likelihood) and the pain is more likely to be nociceptive, 13-19 being unclear, and 19-38 indicating a neuropathic component to the presentation is likely (> 90% likelihood) [11] . Originally developed for patients with lower back pain, PD-Q is validated to predict the presence of neuropathic pain in the chronic pain population (sensitivity 84%, specificity 84%) [11] . The reliability of the English version of PD-Q has been established [27] .
The Central Sensitization Inventory (CSI) was used to assess potential altered central processing (central sensitisation) [16, 19, 22] . The CSI consists of 25 questions, rated on a five-point Likert scale ('never', 'rarely', 'sometimes', 'often', 'always'). A cut-off score of 40/100 has been shown to best distinguish between a central sensitization group and a comparison sample in a study of 121 participants from a pain clinic and 129 pain-free participants from a university [19] with area under the curve (AUC) = 0.86, sensitivity 81%, specificity 75%. As such, participants with a score less than 40 were classified as being unlikely to have central sensitisation and 40 or above as likely to have central sensitisation. A separate section of the CSI collecting data on doctor-diagnosed comorbidities was not used for this paper.
Additionally, participants with pain were asked "If you experience pain, do you think your pain is related to or part of HNPP?" ('always', 'sometimes', 'never'). They were also asked "Have you seen/spoken to a healthcare practitioner about your pain, or sought help/treatment for your pain?" ('yes', 'no').
Neurological symptoms
Participants selected the areas of their body affected by neurological symptoms from a list. Review of the literature did not locate a questionnaire suitable for online distribution in this cohort to assess the interference of neurological symptoms on daily function. Consequently, we elected to establish the interference caused by neurological symptoms on function by adapting the BPI-PIS from pain symptoms to neurological symptoms. The question "Select the one number that describes how, during the past week, pain has interfered with each of the following" from the BPI-PIS was modified to "Select the one number that describes how, during the past week, neurological symptoms have interfered with each of the following". We utilised the same seven questions, responses, and the same mean scoring calculation as the BPI-PIS.
Analysis
Analysis was performed in STATA 14.2 for Mac. Participant characteristics were reported using descriptive statistics for the entire cohort who met the inclusion criteria. Descriptive statistics were also used for the first aim, to report the prevalence of persistent pain and pain in the last week. Crosstabulation was then used to define the pain group of interest, being those who had both persistent pain and pain in the last week. Further analysis was only performed on this group.
For the second aim, relating to only those participants reporting persistent pain in the last week, mean scores were calculated for the BPI-PSS, BPI-PIS, and neurological symptom interference. Participant categorisation from both the PD-Q and CSI, and if they thought pain was related to/ part of HNPP, was reported descriptively. For the third aim, Pearson's correlations were used to assess potential associations between pain interference and neurological symptom interference for the overall scores and each of the seven individual interference dimensions. Strength of correlations was interpreted in accordance with recognised guidelines [3] , with an alpha value of 0.05. Figure 1 indicates the flow of participants through the study. A total of 43 met the inclusion criteria and completed the full questionnaire. Participant characteristics of this cohort are presented in Table 1 .
Results
Two participants (5%) reported they had not experienced bodily pain. Nine participants (21%) reported pain, but this pain was neither persistent nor present at the time of completing the questionnaire. Thirty-two (74%) met the criteria of having persistent pain and experiencing this pain in the last week. The participant characteristics of this subset are also presented in Table 1 . Further results relate to these 32 participants.
Areas of neurological symptoms and pain are indicated in Table 2 . Neurological symptoms were reported more frequently in the extremities. Pain was also experienced frequently in the extremities, but was reported more than neurological symptoms in the spine and shoulders also. Table 3 provides information on the characterisation of pain, as well as scores for the BPI-PSS, BPI-PIS, and neurological symptom interference. Twenty-four (75%) participants were likely to have neuropathic pain based on categorisation from the PD-Q. Twenty-seven (84%) participants were likely to have central sensitisation, based on categorisation from the CSI. All 32 participants felt that their pain could be related to/part of their HNPP and 28 (88%) had sought health care for this pain.
Pain interference and neurological interference were commonly reported together by participants. Significant correlations between the BPI-PIS and neurological interference were found for the total scores and all the individual interference dimensions (Table 4 ). The correlation for the total scores was high [3] . For the individual dimensions, high correlations were found for mood, relations with other people, sleep, and enjoyment of life [3] . Moderate correlations were found for walking ability and normal work [3] . The correlation for general activity was low [3] .
Discussion
Generally, HNPP is considered to be a pain-free neuropathy [1, 4, 10, 18] . This study identified a cohort of people with HNPP, of which 74% reported having persistent pain and had experienced pain in the week preceding taking part in this study. This is consistent with the previous finding following a review of medical records in a similar-sized cohort [30] , though it is not clear that those participants were complaining of persistent pain. Our finding suggests persistent pain may be more common in individuals with HNPP than previously thought, and is more common than seen in the general population [24] . A key question is could the pain experienced be part of the HNPP presentation, rather than a co-incidental comorbidity?
Potential relationships between HNPP and pain
The pain was characterised as likely neuropathic for 75% of people in this study using the PD-Q. This aligns to the prior suggestion that pain in people with HNPP could be neuropathic in nature based on pain descriptors [30] or clinical presentation [9] . By definition, neuropathic pain results from a lesion or disease of the somatosensory nervous system [12] . Changes in myelin have been identified as part of the pathological process in HNPP [23] and have also been identified as a contributor to neuropathic pain mechanisms [29] . This provides a plausible explanation for a direct link between the pathology of HNPP and pain.
Based on categorisation from the CSI, 27 (84%) of participants were likely to have central sensitisation. It is important to note that central sensitisation and neuropathic pain are separate pain processes, though each may result in similar symptoms [20] . Central sensitisation has also been proposed as a link between HNPP and pain [30] . Altered peripheral processes in neuropathy have the potential to contribute to more nervous system-wide changes and sensitisation [25] , which are characteristics of central sensitisation. This relationship could explain the finding of the likely presence of central sensitisation in a large proportion of individuals with HNPP with persistent pain.
Yilmaz et al. [30] contended that comorbidity of HNPP and fibromyalgia may be mediated by neuropathic pain. Fibromyalgia is a widespread pain disorder thought to have altered central pain processing (central sensitisation) as a potential underlying mechanism in pain in fibromyalgia [2, 7] . In that sample, 28% of people with HNPP met the criteria for fibromyalgia. In our study, only 12% of participants reported a health professional diagnosis of fibromyalgia, but a larger number could have potentially met the diagnostic criteria for this disorder. Neuropathic pain and central sensitisation were the most prominent findings from the PD-Q and CSI, respectively. However, this does not rule out the potential for peripheral nociceptive/local musculoskeletal pain secondary to local tissue stress caused by prolonged weakness or secondary joint deformity. Co-existence of nociceptive and neuropathic pain processes has been recognised across numerous forms of painful peripheral neuropathies [15] . Somatosensory profiling using quantitative sensory testing may aid in the differentiation of nociceptive and neuropathic pain components [14] .
Impact of pain in those with HNPP
The high prevalence of persistent pain with this pain experienced in the prior week, and the characterisation of the pain indicating high likelihood of neuropathic pain and/or central sensitisation, suggests that in this group of people with HNPP pain is unlikely to be a co-incidental comorbidity. Further, all 32 participants with persistent pain considered the pain could be related to or part of HNPP (Table 3) . This highlights a potential mismatch between the beliefs of individuals with HNPP about pain as part of their disorder, and the traditional description of HNPP as a pain-free disorder. With 28 (88%) of participants having sought medical assistance for pain, there is also potential for mismatch in beliefs between the individual with HNPP and the health care practitioner. In addition to understanding that pain might be related to HNPP, the health care practitioner may need to be skilled at identification of different pain characteristics (nociceptive, neuropathic, central sensitisation) to facilitate effective management strategies [20] .
The mean score for the BPI-PSS was 4.9 (standard deviation 1.9), and for the BPI-PIS was 5.5 (standard deviation 2.5). This is comparable to results from a study using a version of the BPI for painful diabetic peripheral neuropathy. In that cohort of 255 people with diabetic peripheral neuropathy, the BPI-PSS average was 4.7 (standard deviation 2.6), and the BPI-PIS average was 4.9 (standard deviation 2.8) [32] . These authors used the BPI-PSS worst pain question to categorise the pain as mild (0-3), moderate (4-6), and severe (7 +). While it was not the purpose of this study to recreate this categorisation, with post hoc analysis of the data in this study (via the worst pain question in the BPI) eight participants with HNPP would have moderate symptoms and 23 would be categorised with severe symptoms. This suggests pain can be a significant problem for some people with HNPP.
In a similar manner, the burden of neuropathic pain has been described with use of the BPI. In 602 participants with a broad array of diagnoses resulting in clinical determination of neuropathic pain, the BPI-PSS average was 4.8 (standard deviation 2.1), and the BPI-PIS average was 4.5 (standard deviation 2.4) [17] . Higher severity was associated with poorer health-related quality of life, higher levels of disrupted employment, and more frequent physician visits [17] . Given similar pain severity and inference scores in those with HNPP, the overall burden of HNPP might be higher than previously reported [21] . As with more general neuropathy, disrupted work participation may be an important negative consequence of HNPP [17] . A large portion of participants in the present study with HNPP who reported not working indicated this was because of HNPP (Table 1) , though we do not know for how many pain was a factor in this.
Positive correlations were identified between the effect of neurological symptoms on function and pain on function (Table 4 ). This could be an artefact of the use of a modified version of the BPI-PIS for neurological interference. Taken at face value though, this indicated that the burden of pain across multiple facets of life for people with HNPP is likely to equal the impact of any neurological symptoms. Further studies using global measures of health-related quality of life would be important.
Strengths and limitations
Only people with genetically established diagnosis of HNPP were included in this study. Our definition of the pain group as having persistent pain and having experienced pain in the last week is likely to have defined a cohort that excluded more trivial or episodic pain that is frequently less burdensome and potentially not clinically important. We have characterised pain with established classification protocols, providing increased information on potential pain mechanisms in HNPP than previously found in the literature. However, it should be acknowledged that the precise validity and reliability of these questionnaires in HNPP have not been established, though broader applicability has. In addition, the PD-Q and CSI should be considered as screening tool for the identification of underlying pain mechanisms, but not diagnostic tools. Hence, these questionnaires do not substitute the clinical diagnosis of neuropathic pain and central sensitisation. Future studies should include a clinical assessment and detailed sensory profiling for the pain characterisation of individuals with HNPP. Further, our measure of interference from neurological symptoms was derived from the BPI-PIS, which, while suitable for the aims of this study, may need expansion in future research.
Conclusion
In this cohort of people with HNPP, persistent pain was common and had significant negative impact. Pain characterisation identified neuropathic pain and/or central sensitisation as common, potential underlying processes. Pain may plausibly be directly related to the underlying pathophysiology of HNPP. Further consideration of including pain as a primary symptom of HNPP is warranted.
Compliance with ethical standards
Conflicts of interest On behalf of all authors, the corresponding author states that there is no conflict of interest.
Ethical standards Ethical approval was granted by the Curtin University Human Research Ethics Committee (Approval# HRE2016-0118), consistent with the Declaration of Helsinki. All participants provided informed consent.
